Background: Communication for Development (C4D) is a strategy promoted by the United Nations Children's Fund to foster positive and measurable changes at the individual, family, community, social, and policy levels of society. In western China, C4D activities have previously been conducted as part of province-level immunization programs. In this study, we evaluated the association of C4D with changes in parental knowledge of immunization services, measles disease, and measles vaccine, and changes in their children's measles vaccine coverage. Methods: From April 2013 to April 2014, C4D activities were implemented as part of provincial immunization programs in the Inner Mongolia, Guangxi, Chongqing, Guizhou, Tibet, Shaanxi, Gansu, Ningxia, and Qinghai provinces. We used a before-and-after study design and employed face-to-face interviews to assess changes in parental knowledge and vaccination coverage. Results: We surveyed 2 107 households at baseline and 2 070 households after 1 year of C4D activities. Following C4D, 95% of caregivers were aware of the vaccination record check requirement for entry into kindergarten and primary school; 80% of caregivers were aware that migrant children were eligible for free vaccination; more than 70% of caregivers knew that measles is a respiratory infectious disease; and 90% of caregivers knew the symptoms of measles. Caregivers' willingness to take their children to the clinic for vaccination increased from 51.3% at baseline to 67.4% in the post-C4D survey. Coverage of one-dose measles-containing vaccine (MCV) increased from 83.8% at baseline to 90.1% after C4D. One-dose MCV coverage was greater than 95% in the Guangxi, Shaanxi, and Gansu provinces. Two-dose MCV coverage increased from 68.5 to 77.6%. House-to-house communication was the most popular C4D activity among caregivers (91.6% favoring), followed by posters and educational talks (64.8 and 49.9% favoring).
Background
Infectious diseases are associated with poverty [1, 2] . Reducing the burden of infectious diseases in developing countries is important, as recognized in the United Nations Millennium Development Goals [3] [4] [5] [6] . An increasing number of diseases are being controlled or even eliminated with vaccines. However, controlling or eliminating childhood diseases with vaccines depends on caregiver compliance with the recommended immunizations [7] [8] [9] . China wanted to eliminate measles in 2012, a goal that requires attaining and sustaining a uniformly high coverage of measles vaccine.
In recent decades, the Chinese government's implementation of the Expanded Program on Immunization (EPI) has led to significant decreases in the incidences of vaccine preventable diseases (VPDs) [10] . China's EPI system makes certain vaccines available at no charge and implements interventions to ensure health protection of children. Interventions include a school-entry vaccination record check program that helps ensure immunization of school-age children, and assuring that migrant children have access to free vaccines regardless of residency [11] .
Immunization program successes lead to lower disease rates and decreased visibility of VPDs, but possibly also to complacency among parents about the need to vaccinate [12, 13] . With the decline of vaccinepreventable diseases, rare adverse events following immunization can become more apparent. Combined with inaccurate information about vaccine safety, the relative invisibility of a disease can lead some parents to be hesitant, or even refuse, to vaccinate their child [7, 14] . Vaccine refusal or hesitancy can result in missed or delayed immunization, posing a risk to the child and, for some diseases, to the public. For example, in 2013, the hepatitis B vaccine was widely reported by the media to cause infant deaths in China. An investigation showed the deaths to be coincidental, but the event ultimately resulted in the temporary suspension of a safe vaccine and was associated with a decline of parental confidence and refusal to vaccinate their children [15] . Loss of confidence in vaccines appears to materialize in every province of China, including in less-developed central and western regions and in poor rural areas.
The overall coverage rate of EPI vaccines in China is above 90%, as measured at the township level. However, coverage rates are less than 90% in half of the western province townships. Lack of information about vaccines is a factor associated with missed opportunities to immunize in these areas [16] . Barriers to vaccination need to be addressed in China's immunization program, particularly in remote and undeveloped areas where the immunization system is weaker [17] .
One barrier is financial. To address this, the central government increased public health spending in 2009, and has directed a disproportionately larger share of funding towards the less developed and more rural western and central regions [18] [19] [20] [21] . Another barrier is a lack of knowledge about the benefits and risks of vaccination. Communication is a key tool to increase such knowledge. If implemented strategically and integrated into the program, communication can improve public trust and acceptance of vaccination, especially among hard-to-reach populations [14, [22] [23] [24] .
Communication for Development (C4D) is a systematic, evidence-based, strategic process to promote positive and measurable change at the individual, family, community, social, and policy levels of a society [25] . Initially developed by the United Nations Children's Fund (UNICEF), "C4D aims to promote dialogue within communities and with decision-makers at local, national, and regional levels for the purpose of promoting, developing, and implementing policies and programs that drive positive and healthy behavior and social change" [26] . When using the core C4D steps of situation analysis, strategic design, plan development, implementation, and monitoring and evaluation, the C4D strategy has proven to be an effective method to enhance communication skills of immunization professionals to transmit health knowledge, increasing the public's recognition of the importance of vaccination [27] .
In the United States, C4D plays an important role in the promotion of influenza vaccination, and includes messages that take into account knowledge, concerns, and beliefs of targeted populations and of health care professionals [28] [29] [30] [31] . Appropriate messages and promotional materials help to enhance the acceptance of vaccination [32] .
There is a paucity of information in the literature about communication interventions that measurably raise vaccine coverage [23] . Communication activities are conducted frequently, for example during Immunization Week and when implementing supplementary immunization activities, but these activities are seldom evaluated.
C4D has been used for EPI work in China, but without evaluation. In 2013 and 2014, nine western provinces used C4D to strengthen routine immunization and increase vaccine uptake by focusing on the national goal of eliminating measles. In this study, we evaluated the impact of provincial C4D interventions on caregiver knowledge of immunization services, measles disease, and measles vaccines, and their children's measles vaccination coverage.
Methods

Setting and C4D interventions
The National Health and Family Planning Commission of China, in collaboration with UNICEF, conducted a one-year project called "Communication for Development of Immunization Programs" that began in April 2013. The project focused on measles elimination and was implemented in the Inner Mongolia, Guangxi, Chongqing, Guizhou, Tibet, Shaanxi, Gansu, Ningxia, and Qinghai provinces. These provinces had not previously employed C4D interventions to target the elimination of measles. The strategy's purposes were to improve immunization professionals' capacity to disseminate health knowledge, to enhance public awareness and acceptance of vaccination, to help caregivers make informed decisions about vaccinating their children, and to improve coverage levels of EPI vaccines. We selected one county at random from each province and C4D activities were conducted in seven to ten townships selected at random from each of the selected counties.
Based on challenges and characteristics of pilot areas that were identified in a situation analysis conducted with provinces prior to the C4D intervention, provincial Centers for Disease Control and Prevention designed specific plans for C4D activities and organized a series of activities that adhered to local culture. Specific C4D activities were tailored for different regions according to target population characteristics. The following key messages were disseminated in all locations: vaccination can prevent relevant infectious diseases; a vaccination check will be required for entry into kindergarten and primary school; migrant children are eligible for free vaccination; and measles vaccine can stop and prevent measles outbreaks. Specific C4D interventions are summarized in Table 1 .
A wide variety of C4D activities were conducted in the nine provinces, which together contained approximately 1.05 million target persons. Fifty-nine training activities were held that had more than 4 300 attendees. C4D activities consisting of personal communications were held 3 000 times, includingcommunication house-tohouse, lectures, and classes for pregnant women about vaccination, and peer education. Mass communication methods, including radio broadcast, TV promotion, and display boards and banners, were used more than 800 times. Posters and leaflets were distributed at approximately 1 400 settings, including large events in urban areas and in places of worship. Provinces distributed more than 200 000 leaflets and brochures about vaccination and measles prevention and control, 20 000 environmentfriendly shopping bags, and more than 20 000 daily use items such as calendars and towels. Approximately 25 000 pieces of educational material were printed.
Data collection
We used a before-and-after study design to evaluate the impact of C4D activities. This study design allowed us to focus on changes in knowledge and vaccination coverage, while putting most of the available resources into the interventions. Surveys were conducted in participating townships before and after the C4D interventions. All administrative villages in participating townships were listed and numbered. Three villages from the participating townships were selected using simple random sampling to participate in the survey. In each selected village, after interviewing the first randomly-identified family (regardless of whether there was a survey-ageeligible child in the household), investigators interviewed nearby families until ten caregivers, whose children were born between 1 July 2006 and 30 June 2013, were interviewed using a structured questionnaire. Baseline and evaluation surveys were conducted face to face. Collected demographic data included caregiver relationship with the children, race/ethnicity, and educational background. Immunization information collected included parental knowledge of measles vaccination, factors influencing caregivers' decision about vaccinating their children, and caregiver preference for their source of knowledge about vaccines. In the evaluation survey, we asked about caregiver participation in C4D activities as well as caregiver knowledge about the school vaccination check and migrant children's access to vaccines. The children's measles vaccination status was obtained from official vaccination certificates.
Statistical analysis
Answers to seven questions were used to evaluate the caregivers' vaccination knowledge. These included questions regarding caregiver application for and use of the official provincial vaccination certificate, symptoms of measles, and mode of transmission of measles. Chi-square tests were used to compare knowledge before and after C4D interventions. Statistical analyses were performed with SPSS version 19.0 (International Business Machines Corporation, USA) and Microsoft Excel (Microsoft Company, USA).
Active participation in vaccination was confirmed if caregivers answered "yes" when asked if they were willing to have their children vaccinated. The percentage of caregivers participating in C4D activities and their preferred types of C4D activities were also elucidated.
Whether a child received age-appropriate measlescontaining vaccine (MCV) was based on his/her date of birth and date of measles vaccination. Official vaccination cards were used to determine vaccination status. Coverage of MCV was estimated by dividing the number of age-appropriate vaccinated children by the number of children eligible for the measles vaccine.
Results
Demographic characteristics of participants
A total of 2 107 households were included in the baseline survey and 2 070 households were included in the evaluation survey. Demographic characteristics of respondents were similar in the baseline and the evaluation surveys.
Caregiver knowledge of vaccination
Knowledge about vaccination increased by more than 20 percentage points between the baseline and evaluation surveys. After conducting C4D activities, in all provinces, 95% of caregivers were aware of the vaccination record check for entry into kindergarten and primary school, and 80% of caregivers were aware that migrant children were eligible for free vaccination. Overall, more than 70% of caregivers indicated that measles is a respiratory-spread infectious disease, and 90% of caregivers responded correctly to questions about symptoms of measles (see Table 2 ).
Caregiver willingness to vaccinate their children
After conducting C4D activities, caregivers in all provinces were more willing to have their children vaccinated, with the percentage of active vaccination increasing from 51.3% at baseline to 67.4% in the evaluation survey. The rate of active vaccination in Chongqing was over 90% after C4D, but rates of active vaccination in Guangxi, Gansu, Tibet, and Inner Mongolia remained low, at less than 60% (see Fig. 1 ).
Vaccination coverage
Coverage with at least one dose of MCV was 83.8% at baseline and increased to 90.1% after the implementation of C4D intervention activities. Coverage rates of the first dose of MCV were more than 95% in Guangxi, Shaanxi, and Gansu, but coverage was less than 80% in Tibet (see Fig. 2 ).
Coverage with two doses of MCV increased from 68.5 to 77.6% between baseline and evaluation. Coverage rates of MCVs were more than 85% in Ningxia, Guangxi, and Gansu. After C4D intervention activities in Guangxi, two-dose MCV coverage was over 90%, but coverage levels in Qinghai, Inner Mongolia, Chongqing, and Tibet were less than 80% after C4D (see Fig. 3 ).
Understanding of and participation in C4D activities
The three most popular C4D activities of respondents were house-to-house communications, distribution of leaflets and posters, and lectures on immunization. Acceptance rates for these activities were 91.6, 64.8 and 49.9%, respectively (see Fig. 4 ).
Among the respondents, 97.5% (1 885/1 933) indicated that participation in C4D activities was helpful to understand components of the immunization program in which they were interested; 82.0% considered that C4D activities could help them understand vaccines better; and 63.8% selected household publicity as their preferred C4D activity.
Discussion
Based on the before-and-after survey results, C4D intervention activities resulted in increased caregiver knowledge Caregivers should apply for an immunization certificate for each child within 1 month of his or her birth of measles and measles vaccination, increased caregiver awareness of programs that provide access to vaccines for migrant children and ensure vaccination at school entry, and increased receipt of measles vaccines among the caregivers and increased coverage with measles vaccine among children. Increased knowledge, awareness, and coverage may demonstrate a greater appreciation of the importance of vaccination among parents, which could lead to increased immunization coverage in the western provinces of China.
Our evaluation also showed that although coverage increased, vaccination rates for two doses of MCV were still less than 90%, which is below the coverage threshold of 95% for the elimination of measles and maintenance of measles elimination status [33] . Therefore, despite the increase in coverage associated with C4D, we believe that improving immunization coverage to such a high level cannot rely solely on communication activities and that additional interventions, financing increase on routine service, training and supervision of routine immunization program, are required [34] [35] [36] [37] .
Study in the context of scientific literature
Acceptance of vaccination is a behavior resulting from a complex decision-making process that can be influenced by many factors [27, 37, 38] . Weaknesses in the immunization delivery system, such as limited availability of vaccination services, a poor clinic environment, and immunization professionals having insufficient knowledge or communication skills may lessen the effectiveness of C4D. A systematic review published in 2011 by Rainey and colleagues showed that approximately 44% of the reasons linked to being under-vaccinated were related to immunization systems, while 28% were linked to parental attitudes and knowledge [39] . This implies that only when the immunization delivery system is adequate will supplementary help of communication activities be sufficient to attain coverage goals.
Most survey respondents indicated that participation in C4D activities fulfilled their interests in the immunization program, and most believed that the relevant authorities should organize more C4D activities. More than half of survey respondents who participated in C4D activities indicated that house-to-house communication was their preferred type of C4D activity. However, this type of communication is time-consuming and costly, and is not feasible to conduct frequently, as scarcity of communication resources limits capacity to support immunization programs [23] . Faced with this challenge, it is well worth considering how a program should most effectively use limited resources to conduct communication activities.
That communication interventions should be tailored to targeted populations or individuals is the essence of implementing a C4D project. Evidence and experience suggest that health-related communications are often more effective when tailored with insights gained from a situation analysis about the targeted populations [40] [41] [42] . Listening to the targeted populations (their beliefs, attitudes, and behaviors) and translating this information into communication materials could help achieve desired results. This was the strategy that we undertook to implement our C4D project. We obtained relevant data through a situation analysis and the baseline survey, and we conducted several analyses to develop a sense of the target population's needs, religions, current behaviors, and culture. Implementation plans and C4D activities were developed for different areas using these analyses. For example, local immunization professionals realized that there were not enough communication materials in the minority language in Tibet, and so the public could not obtain relevant vaccination knowledge in a timely manner. As a response, these professionals developed bilingual Tibetan calendars with key immunization messages displayed at the bottom of the calendar, which proved to be welcomed by Tibetans.
We also worked with religious leaders to disseminate immunization knowledge. Mobilizing populations through religious leaders has proven to be an effective communication tool to promote polio eradication efforts in polioendemic countries [10, 27] . In our baseline survey, we found that many ethnic minorities had their own beliefs and trusted some religious leaders more than others. In the Ningxia Autonomous Region, people often go to mosques for religious gatherings and they tend to listen to imams very carefully. Therefore, when planning C4D interventions, immunization professionals first showed imams that vaccination is an effective public health method to prevent certain infectious diseases, and then taught them how to disseminate relevant knowledge. The imams used opportunities of religious gatherings to give talks about immunization. This strategy may be more effective than utilizing immunization professionals to disseminate the same content to the local population.
Based on the C4D project experience, targeted communication to improve vaccination uptake should be developed for different groups [27] . Various communication materials should be designed not only for improving the immunization knowledge level of the public, but also for encouraging the public to actively seek vaccination services and get timely vaccinations.
Limitations
Our study has several limitations that should be considered when interpreting the results. Baseline and evaluation survey respondents were selected at random from the same villages and therefore some respondents may have participated in both surveys. Participation in both surveys could bias the results to show greater impact of C4D activities. Because 1 year transpired between surveys and since the sampled fraction of the population was small, this bias is also likely to be small. Another potential limitation is self-reporting bias, which may have resulted in some caregivers reporting desired responses rather than true responses. However, selfreporting bias would not impact knowledge or coverage, and so this bias is also likely to be small.
As this was a before-and-after study without a concurrent control group, associations may have been influenced by secular trends and results could have been confounded. Immunization service delivery may have improved during the study period, for example, and the study period encompassed the National Children Immunization Day. Vaccination decisions can be influenced by many factors. However, since the study was conducted over a relatively short, one-year period, and since knowledge and coverage are unlikely to change so quickly, we believe that the associations observed were unlikely to be caused by secular trends.
Recommendations
We believe that the C4D project in western China demonstrated highly desirable results. It appeared to increase caregiver knowledge about vaccination and appeared to encourage caregivers to actively seek immunization services, leading to improved coverage in the target population. The apparent success of the C4D project shows that tailored communication strategies, based on insights gained from situation analyses, can make a significant difference to the behaviors of target populations. We therefore recommend that C4D should be implemented on a larger scale in China, and that selected communication activities should be organized in regions with low vaccination coverage. C4D has the potential to help the public understand the importance of protecting children through vaccination and may be able to increase the demand for immunization services.
Conclusions
C4D activities helped to increase caregiver immunization knowledge, encouraged caregivers to actively seek immunization services, and improved immunization coverage levels. Tailored communication strategies, based on insights gained in situation analyses, can make a significant difference to the behaviors of targeted populations. The C4D experience should be implemented on a larger scale in China. 
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